Express Mail No. EV 326 567 454 US 

TITLE OF THE INVENTION 

ALUMINUM ALLOY FIN MATERIAL FOR HEAT EXCHANGERS AND 
HEAT EXCHANGER INCLUDING THE FIN MATERIAL 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an aluminum alloy fin 
material for heat exchangers. More particularly, the present 
invention relates to an aluminum alloy fin material for heat 

10 exchangers made of an aluminum alloy, which is manufactured by 
joining a fin and a constituent material for a working fluid 
passage by brazing, such as a radiator, heater core, oil cooler, 
intercooler, and condenser and evaporator for a car 
air-conditioner, in particular, to an aluminum alloy fin 

15 material excelling in intergranular corrosion resistance and 
j oinability, and to a heat exchanger including the fin material . 
Description of Background Art 

A heat exchanger made of an aluminum alloy is widely used 
as an automotive heat exchanger such as a radiator, heater core, 

20 oil cooler, intercooler, and evaporator and condenser for a car 
air-conditioner. The heat exchanger made of an aluminum alloy 
is assembled by combining an aluminum alloy fin material with 
an extruded flattened tube (working fluid passage material) 
made of an Al-Cu alloy, Al-Mn alloy, Al-Mn-Cu alloy, or the like, 

25 or with a tube obtained by forming a brazing sheet in which a 
filler metal is clad on the above alloy in a tubular shape, and 
brazing the combined product by flux brazing using a chloride 
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flux, inert gas atmosphere brazing using a fluoride flux, or 
vacuum brazing through a filler metal. 

As the filler metal, an Al-Si filler metal is used. The 
filler metal is disposed on the side of the working fluid passage 
5 material, or either one side or both sides of the fin material. 
The fin material for a heat exchanger made of an aluminum alloy 
is required to have a sacrificial anode effect in order to 
protect the working fluid passage material against corrosion, 
and to have high-temperature buckling resistance 

10 (high-temperature sagging resistance) in order to prevent 
deformation or erosion caused by the filler metal during 
high-temperature heating for brazing. 

In order to satisfy such demands, an Al-Mn alloy such as 
JIS A3003 and J IS A3203 has been used as the aluminum alloy fin 

15 material. Japanese Patent Publication No. 56-12395 proposes 
providing the sacrificial anode effect to the fin material by 
making the Al-Mn alloy electrochemically anodic (less noble) 
by the addition of Zn, Sn, In, and the like. Japanese Patent 
Publication No. 57-13787 proposes improving sagging resistance 

20 by the addition of Cr, Ti, and Zr. 

Japanese Patent Application Laid-open No. 2002-155332 
proposes making the structure of the aluminum alloy fin material 
before brazing fibrous in order to improve brazability by 
improving formability of the fin material into a corrugated fin. 

25 This method is effective in improving formability. However, 
this method has a problem in which the joining rate by brazing 
is decreased as the crystal grain diameter after brazing is 
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increased, and buckling occurs if the crystal grain diameter 
is small. 

In recent years, reduction of the weight of the automotive 
heat exchanger has been demanded in order to further reduce the 
5 weight of the vehicle. To deal with this demand, reduction of 
the thickness of the constituent materials for the heat 
exchanger, such as the fin material and the working fluid 
passage material (tube material) , has progressed. However, in 
the case of reducing the thickness of the fin material on which 

10 the filler metal is clad, since the amount of filler metal 
flowing toward the braze joint is decreased, a shortage or 
excessive melting of the filler metal occurs at the joint. 

In the heat exchanger made of an aluminum alloy, in order 
to mainly provide the fin material with an effect as a 

15 sacrificial anode material which protects the tube material 
against corrosion, a material design which allows the fin 
material to corrode has been taken into consideration. However, 
a problem occurs in the case of using a constituent material 
having a reduced thickness, in particular, an aluminum alloy 

20 fin material having a thickness of 0.08 mm or less . In the case 
of using a brazing fin material on which the filler metal is 
clad, the molten filler metal on both sides of the fin material 
penetrates into the grain boundaries in the entire area in the 
direction of the sheet thickness. This causes anodic (less 

25 noble) components to be formed at the grain boundaries, whereby 
intergranular corrosion easily occurs. If intergranular 
- corrosion significantly occurs in the fin material, the 
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strength of the heat exchanger core is decreased. In the case 
of using a bare fin material on which the filler metal is not 
clad, the filler metal on the side of the tube combined with 
the fin material penetrates into the braze joint between the 
5 tube and the fin, whereby intergranular corrosion easily occurs. 
If intergranular corrosion significantly occurs in the fin 
material, the strength of the heat exchanger core is decreased. 
Therefore, these fin materials are required to exhibit 
corrosion resistance while protecting the tube material against 
10 corrosion. 

SUMMARY OF THE INVENTION 
The present invention has been achieved as a result of 
studies into the relation between joinability by brazing and 

15 corrosion resistance, in particular, intergranular corrosion 
resistance and the alloy composition, internal structure, and 
the like in order to obtain an aluminum alloy fin material 
capable of solving the above problems accompanied by a reduction 
of the thickness of the aluminum alloy fin material for heat 

20 exchangers, and satisfying the above demand for improvement. 
Accordingly, an object of the present invention is to provide 
an aluminum alloy fin material for heat exchangers excelling 
in joinability to a tube material and in intergranular corrosion 
resistance, and a heat exchanger made of an aluminum alloy 

25 including the aluminum alloy fin material. 

An aluminum alloy fin material for heat exchangers and a 
heat exchanger according to the present invention to achieve 
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the above object have the following features. 

(1) An aluminum alloy fin material which has a thickness 
of 80 jam or less and is incorporated into a heat exchanger made 
of an aluminum alloy manufactured by brazing through an Al-Si 

5 alloy filler metal, wherein the structure of the fin material 
before brazing is a fiber structure, and the crystal grain 
diameter of the structure of the fin material after brazing is 
50-250 ixm. 

(2) An aluminum alloy fin material comprising the fin 
10 material as defined in the above (1) as a core material, and 

an Al-Si alloy filler metal clad on both sides of the core 
material . 

(3) In the fin material as defined in the above (1) , the 
Si concentration in an Si dissolution area in a brazed section 

15 at the center of the thickness of the fin material after brazing 
may be 0.7% or less. 

(4) In the fin material as defined in the above (2) , the 
Si concentration in an Si dissolution area in a brazed section 
on the surface of the fin material and at the center of the 

20 thickness of the fin material after brazing may be 0.8% or more 
and 0.7% or less, respectively. 

(5) In the fin material as defined in any of the above (1) 
to (4) , the fin material may be made of an aluminum alloy which 
comprises 0.8-2.0% of Mn, 0.05-0.8% of Fe, 1.5% or less of Si, 

25 0.2% or less of Cu, and 0.5-4% of Zn, with the balance being 
Al and impurities. 

(6) In the aluminum alloy fin material as defined in the 
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above (2) or (4), the fin material may be made of an aluminum 
alloy which comprises 0.8-2.0% of Mn, 0.05-0.8% of Fe, 1.5% or 
less of Si, 0.2% or less of Cu, and 0.5-4% of Zn with the balance 
being Al and impurities, and the filler metal may be made of 
5 an aluminum alloy which comprises 6-13% of Si with the balance 
being Al and impurities, the filler metal being clad on each 
side of the core material respectively at a thickness of 3-20% 
of the total thickness of the fin material and the filler metal. 

(7) In the fin material as defined in the above (5), the 
10 Cu content in the fin material may be 0.03% or less. 

(8) In the fin material as defined in the above (6) , the 
core material may comprise 0.03% or less of Cu, and the filler 
metal may comprise 0.1% or less of Cu. 

(9) In the fin material as defined in the above (5) or (7) , 
15 the fin material may further comprise at least one of 0 . 05-0 . 3% 

of Zr and 0.05-0.3% of Cr. 

(10) In the fin material as defined in the above (6) or 
(8) , the core material may further comprise at least one of 
0.05-0.3% of Zr and 0.05-0.3% of Cr. 

20 (11) In the fin material as defined in the above (6) , (8) , 

or (10), the filler metal may further comprise 0.5-6% of Zr. 

(12) A heat exchanger comprising the aluminum alloy fin 
material as defined in any of the above (1) to (11) which is 
joined by brazing. 

25 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 
(1) The internal structure, (2) crystal grain diameter, 



6 



I 



(3) Si concentration, and (4) alloy components of the aluminum 
alloy fin material for heat exchangers of the present invention 
are described below. 
(1) Internal structure 
5 In the case of using a bare fin material or a brazing fin 

material having a thickness of 80 \xm (0.08 mm) or less, if the 
core material (hereinafter called "fin substrate") has a 
recrystallization structure, the strength varies between the 
grain boundaries having a lot of vacancies and the inside of 

10 the grains. This causes the shape of R-shaped portions to vary 
when corrugating the fin material. As a result, clearance 
between the fin and a refrigerant passage tube is. increased when 
joining the core due to an increase in variation of the height 
of the fin ridges, whereby the joining rate by brazing is 

15 decreased. However, variation of the shape during corrugating 
. and variation of the height of the fin ridges are decreased by 
making the internal structure of the fin substrate fibrous and 
reducing the distribution of variation of the strength, whereby 
the joining rate is increased. 

20 (2) Crystal grain diameter 

Conventionally, it is considered that the 
recrystallization grain diameter of the fin material after 
heating for brazing is preferably larger in order to improve 
characteristics of the fin material, unless significant erosion 

25 occurs at the subgrain boundaries because recrystallization is 
not completed below the melting temperature of the filler metal . 
In the present invention, it is important to make the internal 
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structure of the fin substrate fibrous and to limit the crystal 
grain diameter of the structure of the fin substrate after 
brazing to 50-250 [im. This remarkably increases the joining 
rate of the fin after brazing. If the crystal grain diameter 
of the structure of the fin substrate after brazing is less than 
50 \im, the amount of molten filler metal which penetrates into 
the grain boundaries is increased, whereby the fin is buckled. 
If the crystal grain diameter exceeds 250 /am, a state in which 
a working strain before brazing is recovered continues at a high 
temperature. As a result, the amount of deformation of the fin 
is increased, whereby the height of the fin is decreased. This 
causes the joining rate of the fin and the refrigerant passage 
tube to be decreased. The crystal grain diameter of the 
structure of the core material after brazing is still more 
preferably 100-200 \m. 
(3) Si concentration 

Intergranular corrosion resistance of the heat exchanger 
core after brazing is remarkably improved by limiting the Si 
concentration in the Si dissolution area on the surface of the 
fin material and at the center of the thickness of the fin 
material after brazing within the range of the present invention. 
Specifically, in the case of using a brazing fin material 
including a core material and a filler metal clad on the core 
material, Si in the filler metal is diffused into the core 
material along the crystal grain boundaries of the core material 
during heating for brazing. If the thickness of the fin 
material is as thin as 0.08 mm or less, in the case where the 



8 



heating cycle for brazing is increased, the concentration of 
Si which is diffused into the core material from the filler metal 
tends to be increased to the solubility limit at the heating 
temperature for brazing. Therefore, the Si concentration is 
5 increased at the grain boundaries of the core material, whereby 
a region having a low Si concentration is formed near the grain 
boundaries. Since the potential of such a region is anodic 
(less noble) , intergranular corrosion tends to occur in the fin 
material. In the case of using a bare fin material, the same 

10 phenomenon as in the case of using a brazing fin material is 
caused by a filler metal on the side of the tube at the joint 
between the fin material and the tube. 

In the case of using a brazing fin material, Si present 
at the center of the thickness of the fin material rarely 

15 precipitates at the grain boundaries because the Si 

concentration in the Si dissolution area on the surface of the 
fin material after brazing is limited to 0.8% or more and the 
Si concentration in the Si dissolution area at the center of 
the thickness of the fin material after brazing is limited to 

20 0.7% or less. Therefore, the grain boundaries on the surface 
of the fin material preferentially corrode and corrosion toward 
the inside of the fin material progresses as uniform corrosion, 
whereby occurrence of intergranular corrosion of the fin 
material is controlled. In the case where the thickness of the 

25 fin material exceeds 0.08 mm, since Si in the filler metal is 
not diffused into the inside of the fin material, intergranular 
corrosion does not occur. 
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In the case of using a bare fin material, Si present at 
the center of the thickness of the fin material rarely 
precipitates at the grain boundaries because the Si 
concentration in the Si dissolution area at the center of the 
5 thickness of the fin material after brazing is limited to 0.7% 
or less. Therefore, the grain boundaries on the surface of the 
fin material preferentially corrode and corrosion toward the 
inside of the fin material progresses as uniform corrosion, 
whereby occurrence of intergranular corrosion in the fin 

10 material is controlled. In the case where the thickness of the 
fin material exceeds 0.08 mm, since Si in the filler metal is 
not diffused into the inside of the fin material, intergranular 
corrosion does not occur. 
(4) Alloy component 

15 The significance and reasons for limitation of the alloy 

components in the present invention are described below. 
( Fin substrate) 

Mn in the fin substrate increases strength of the core 
material to improve high-temperature buckling resistance. The 

20 Mn content is preferably 0.8-2.0%. If the Mn content is less 
than 0.8%, the effect is insufficient. If the Mn content 
exceeds 2.0%, coarse crystallized products are produced during 
casting, whereby rolling workability is impaired. As a result, 
it is difficult to manufacture a sheet material. The Mn content 

25 is still more preferably 1.0-1.7%. 

Fe in the fin substrate coexists with Mn and increases 
strength of the fin material before and after brazing. The Fe 



content is preferably 0 . 05-0 . 8% . If the Fe content is less than 
0.05%, the effect is insufficient. If the Fe content exceeds 
0.8%, crystal grains are refined, whereby a molten filler metal 
tends to erode the core material . As a result, high-temperature 
5 buckling resistance is decreased and self -corrosiveness is 
increased. The Fe content is still more preferably 0.05-0.3%. 

Si in the fin substrate binds to Mn and produces fine 
Al-Mn-Si compounds, thereby increasing strength of the fin 
material. Moreover, Si decreases the amount of dissolved Mn 

10 to improve thermal conductivity (electrical conductivity) . 
The Si content is preferably 0.01-1.6%. If the Si content is 
less than 0.01%, the effect is insufficient. If the Si content 
exceeds 1.6%, a large amount of Si exists at the grain boundaries 
to cause a low Si concentration region to be formed near the 

15 grain boundaries, whereby intergranular corrosion tends to 
occur. The Si content is still more preferably 0.1-0.9%. 

Cu in the fin substrate increases strength of the fin 
material before and after brazing. However, Cu decreases 
intergranular corrosion resistance. The Cu content is 

20 preferably 0.2% or less. If the Cu content exceeds 0.2%, the 
potential of the fin material becomes cathodic (noble) , whereby 
the sacrificial anode effect of the fin is decreased. Moreover, 
intergranular corrosion resistance is decreased. The Cu 
content is more preferably 0.03% or less, and still more 

25 preferably 0.01% or less. 

Zn in the fin substrate causes the potential of the core 
material to be anodic (less noble) to increase the sacrificial 



anode effect. The Zn content is preferably 0.5-4.0%. If the 
Zn content is less than 0.5%, the effect is insufficient. If 
the Zn content exceeds 4.0%, self -corrosion resistance of the 
core material is decreased and intergranular corrosion 
5 susceptibility is increased. The Zn content is still more 
preferably 1.0-3.0%. 

Zr and Cr in the fin substrate increase strength of the 
fin material before and after brazing and improve 
high-temperature buckling resistance. The Zr content and the 

10 Cr content are preferably 0.05-0.3%. If the content is less 
than 0.05%, the effect is insufficient. If the content exceeds 
0. 3%, coarse crystallized products are produced during casting, 
whereby rolling workability is impaired. As a result, it is 
difficult to manufacture a sheet material. 

15 In, Sn, and Ga may be added to the fin substrate in an amount 

of 0.3%. or less, respectively. These elements cause the 
potential of the fin material to be anodic (less noble) without 
substantially decreasing thermal conductivity of the fin 
material to provide a sacrificial anode effect. The effects 

20 of the present invention are not impaired if the fin substrate 
contains Pb, Li, Sr, Ca, and Na respectively in an amount of 
0.1% or less. V, Mo and Ni may be added to the fin substrate 
respectively in an amount of 0.3% or less in order to increase 
the strength. Ti may be added to the fin substrate in an amount 

25 of 0.3% or less in order to refine the cast structure. B may 
be added to the fin substrate in an amount of 0.1% or less in 
order to prevent occurrence of oxidation. In the case of 

12 
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applying vacuum brazing as the brazing method, 0.5% or less of 
Mg may be added to the fin substrate in order to increase strength 
of the core material. 
(Filler metal) 

5 Si in the filler metal decreases the melting point of the 

filler metal to increase f lowability of the molten filler metal . 
The Si content is preferably 6-13%. If the Si content is less 
than 6%, the effect is insufficient. If the Si content exceeds 
13%, the melting point of the filler metal increases rapidly, 

10 and workability during the manufacture is decreased. The Si 
content is still more preferably 7-11%. 

Zn in the filler metal increases the sacrificial anode 
effect . The Zn content is preferably 0 . 5-6% . If the Zn content 
is less than 0.5%, the effect is insufficient . If the Zn content 

15 exceeds 6%, workability during the manufacture is decreased. 
Moreover, the spontaneous potential becomes anodic, (less noble) , 
whereby self -corrosion resistance is increased. 

The effects of the present invention are not impaired if 
the filler metal contains Cr, Cu, and Mn respectively in an 

20 amount of 0.3% or less and Pb, Li, and Ca respectively in an 
amount of 0.1% or less. 0.3% or less of Ti and 0.01% or less 
of B may be added to the filler metal in order to refine the 
cast structure. Sr and Na may be added to the filler metal 
respectively in an amount of 0.1% or less in order to refine 

25 Si particles in the filler metal. In, Sn, and Ga may be added 
to the filler metal respectively in an amount of 0.1% or less 
in order to decrease the potential to provide the sacrificial 



anode effect. 0.1% or less of Be may be added to the filler 
metal in-order to prevent growth of a surface oxide film. 0.4% 
or less of Bi may be added to the filler metal in order to improve 
flowability of the filler metal. 

If the filler metal contains a large amount of Fe, 
self-corrosion tends to occur. Therefore, the Fe content is 
preferably limited to 0.8% or less. In the case of applying 
vacuum brazing, Mg is added to the filler metal in an amount 
of 2.0% or less. In the case of applying inert atmosphere 
brazing using a fluoride flux, the Mg content is preferably 
limited to 0.5% or less since Mg hinders brazability. 

The cladding rate of the filler metal in the brazing fin 
material is preferably 3-20% on average on one side in the case 
of using a fin material having a thickness of 80 fxm (0.08 mm) 
or less. If the average cladding rate on one side is less than 
3%, the thickness of the filler metal clad on the core material 
is too small, whereby a uniform cladding rate cannot be obtained. 
As a result, it is difficult to manufacture a fin material on 
which the filler metal is clad. If the average cladding rate 
exceeds 20%, the amount of molten filler metal is excessively 
increased, whereby the core material tends to be dissolved and 
eroded. The cladding rate is still more preferably 5-15%. 

The aluminum alloy fin material for heat exchangers of the 
present invention is manufactured as follows. In the case of 
manufacturing a bare fin material, an aluminum alloy for a fin 
substrate having a specific composition is cast by 
semicontinuous casting and homogenized according to a 
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conventional method. . The homogenized product is subjected to 
hot rolling, annealing, and cold rolling, or to hot rolling, 
cold rolling, annealing, and final cold rolling to obtain a 
sheet material having a thickness of 0.08 mm (80 (am) or less. 
5 The sheet material is slit at a specific width and corrugated. 
The corrugated product is combined with a tube obtained by 
forming a brazing sheet including an Al-Mn alloy such as a 
JIS3003 alloy as a core material in which an Al-Si alloy filler 
metal (outer side) and a JIS7072 alloy (inner side) are clad 

10 on each side of the core material, into a tubular shape. The 
corrugated product and the tube. are joined by brazing to obtain 
a heat exchanger core. 

In the case of manufacturing a brazing fin material, an 
aluminum alloy for a fin substrate (core material) and an 

15 aluminum alloy for a filler metal, each having a specific 

composition for making up the brazing fin material, are cast 
by semicontinuous casting and homogenized according to a 
conventional method. The filler metal is subjected to hot 
rolling and clad on the homogenized core material. The 

20 resulting product is subjected to hot rolling, annealing, and 
cold rolling, or to hot rolling, cold rolling, annealing, and 
final cold rolling to obtain a sheet material having a thickness 

of 0.08 mm (80 jam) or less. The sheet material is slit at a 
specific width and corrugated. The corrugated products and 
25 working fluid passage materials (inner tube materials) such as 
a flattened tube made of an Al-Mn alloy such as a JIS3003 alloy 
are alternatively layered and joined by brazing to obtain a heat 

15 



exchanger core. 

In the aluminum alloy fin material of the present invention, 
the fin substrate before brazing has a fiber structure and the 
crystal grain diameter of the structure of the fin substrate 
5 after brazing is limited to 50-250 \xm, and preferably 100-200 
(im. These structural properties can be obtained by adjusting 
the manufacturing conditions for the manufacturing steps of the 
fin material. For example, the fiber structure of the fin 
substrate is obtained by using a method of adjusting the 

10 annealing temperature during the manufacture of the fin 

material to a temperature lower than the recrystallization 
temperature of the aluminum alloy for the fin substrate, and 
adjusting the reduction ratio of cold rolling, for example. The 
crystal grain diameter of the structure of the fin substrate 

15 after brazing is limited to 50-250 [im by using a method of 
adjusting the conditions for process annealing and finish cold 
rolling or the like. For example, the ingot is homogenized at 
a temperature of 450-600°C for three hours or more, and hot 
rolled at a temperature of 300-500°C. The hot-rolled product 

20 is cold rolled at a reduction ratio of 90% or more, annealed 
at a temperature of 280°C or less, and cold rolled at a reduction 
ratio of 5-25%. The Si concentration in the Si dissolution area 
on the surface of the fin material and at the center of the 
thickness of the fin material after brazing is controlled by 

25 using a method of adjusting the heating cycle for brazing or 
the like. For example, a method of limiting the time of a series 
of brazing process including increasing the temperature from 

16 



450°C or more to the brazing temperature (about 600°C) and 
cooling to the solidification temperature of the filler metal 
to 15 minutes or less, and preferably 10 minutes or less can 
be given, 

EXAMPLES 

The present invention is described below by examples and 
comparative examples. These examples illustrate one 
embodiment of the present invention and should not be construed 
as limiting the present invention. 

Example 1 

Aluminum alloys for a core material and aluminum alloys 
for a filler metal, each having a composition shown in Table 
1 (combinations Nos. A to Q) , were cast by continuous casting 
and homogenized according to a conventional method. The ingots 
of the aluminum alloys for a filler metal were hot rolled and 
clad on each side of the ingots of the aluminum alloys for a 
core material. The resulting products were subjected to hot 
rolling, cold rolling, process annealing, and final cold 
rolling to obtain clad fin materials (temper H14) having a 
thickness of 0.07 mm and a cladding rate shown in Table 1. The 
structure of the core material and the crystal grain diameter 
of the recrystallization structure of the core material after 
heating for brazing were changed by adjusting the conditions 
for process annealing and final cold rolling. 

The resulting fin materials were corrugated and attached 
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to a tube material consisting of a porous flattened tube (50 
stages) made of pure aluminum provided with a Zn surface 
treatment. The resulting products were combined with a header 
tank and a side plate provided with engaging sections in advance. 
5 After spraying with a fluoride flux, the products were subjected 
to inert atmosphere brazing at 600°C (maximum temperature) . 
The Si concentration in the Si dissolution area on the surface 
of the fin material and at the center of the thickness of the ' 
fin material after brazing was changed by adjusting the heating 
10 cycle during brazing. 
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Combination 





Test materials (combinations Nos . A to Q) were evaluated 
for the structure of the core material before brazing, the 
crystal grain diameter of the structure of the core material 
after brazing, the Si concentration in the Si dissolution area 
5 on the surface of the fin material and at the center of the 
thickness of the fin material after brazing, the joining rate 
by brazing, the presence or absence of buckling due to melting 
at the joint, intergranular corrosion resistance, and 
pitting-corrosion resistance of the tube material joined to the 

10 fin material according to the following methods. The 
evaluation results are shown in Table 2. 
Structure of core material before brazing: 

Whether or not the structure of the core material was 
recrystallized was judged from a surface polarization 

15 micrograph of the core material of the fin material. 

Crystal grain diameter of structure of core material after 
brazing: 

A surface polarization micrograph of the core material was 
taken. The number of crystal grains observed in the micrograph 
20 was counted, and a value obtained by converting the number of 
crystal grains into a circle equivalent diameter was used as 
the crystal grain diameter. 

Si concentration in Si dissolution area on the surface of fin 
material and at the center of thickness of fin material after 
25 brazing: 

An area in which precipitates were not present was selected 
by using an electron probe microanalyser (EPMA) . The Si 
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concentration was measured at a beam diameter of 1 Jim, and an 
average value at five points was calculated. 
Joining rate by brazing: 

A jig was pressed against the corrugated fin after heating 
for brazing to cause the fin to break (unjoined area was removed) , 
and the surface of the tube and the joint of the fin were observed. 
The number of fin ridges which were not joined was counted to 
calculate the joining rate ( (number of unjoined fin ridges / 
total number of corrugates) x 100 (%) ) . 

Presence or absence of buckling at joint due to melting: 

A representative area of the joint was collected and buried 
in a resin. Whether or not the joint was buckled due to melting 
was observed. 

Intergranular corrosion resistance: 

A core formed by joining the fin and the tube was subjected . 
to a SWAAT corrosion test (ASTM G85-85) for four weeks. 
Breaking strength was then measured by performing a tensile test 
by holding the tubes on the upper and lower sides of the fin. 
The average strength was taken as an index for judgment of 
intergranular corrosion resistance of the fin material. 
Pitting-corrosion resistance of tube material: 

Pitting-corrosion resistance of the tube material was 
evaluated by measuring the maximum depth of pitting corrosion 
occurred in the tube during the corrosion test. 
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As shown in Table 2, test materials Nos. 1 to 17 according 
to the present invention exhibited excellent joinability by 
brazing in which the joining rate of the fin was 98% or more, 
and showed no buckling at the joint of the fin. Moreover, the 
average tensile strength of the fin was 50 MPa or more after 
the corrosion test. Furthermore, the test materials Nos . 1 to 
17 showed an excellent pitting-corrosion resistance in which 
the maximum depth of pitting corrosion of the tube was less than 
0 . 1 mm. 

Comparative Example 1 

Aluminum alloys for a core material and aluminum alloys 
for a filler metal, each having a composition shown in Table 
3 (combinations Nos. a to o) , were cast by continuous casting 
and homogenized according to a conventional method. The ingots 
of the aluminum alloys for a filler metal were hot rolled and 
clad on each side of the ingots of the aluminum alloys for a 
core material. The resulting products were subjected to hot 
rolling, cold rolling, process annealing, and final cold 
rolling to obtain clad fin materials (temper H14) having a 
thickness of 0.07 mm and a cladding rate shown in Table 3. The 
structure of the core material and the crystal grain diameter 
of the recrystallization structure of the core material, after 
heating for brazing were changed by adjusting the conditions 
for process annealing and final cold rolling. 

The resulting fin materials were corrugated and attached 
to a tube material consisting of a porous flattened tube (50 
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stages) made of pure aluminum provided with' a Zn surface 
treatment in the same manner as in Example 1. The resulting 
products were combined with a header tank and a side plate 
provided with engaging sections in advance. After spraying 
with a fluoride flux, the products were subjected to inert 
atmosphere brazing at 600°C (maximum temperature) . The Si 
concentration in the Si dissolution area on the surface of the 
fin material and at the center of the thickness of the fin 
material after brazing was changed by adjusting the heating 
cycle during brazing. 
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The test materials (combinations Nos. a to o) were 
evaluated for the structure of the core material before brazing, 
the crystal grain diameter of the structure of the core material 
after brazing, the Si concentration in the Si dissolution area 
on the surface of the fin material and at the center of the 
thickness of the fin material after brazing, the joining rate 
by brazing, the presence or absence of buckling due to melting 
at the joint, intergranular corrosion resistance, and 
pitting-corrosion resistance of the tube material joined to the 
fin material according to the same methods as in Example 1 . The 
evaluation results are shown in Table 4. 
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As shown in Table 4, in test material No. 18, since the 
Si concentration at the center of the thickness of the fin 
material after brazing was high, intergranular corrosion 
progressed, whereby the fin had insufficient tensile strength. 
In test material No. 19, since the cladding rate of the filler 
metal was low, cracks occurred on the surface of the rolled fin 
material, whereby a clad fin material could not be manufactured. 
In test materials Nos . 20 and 21, coarse compounds were produced 
during casting due to high Mn content and high Cr content in 
the core material, respectively, whereby rolling workability 
was impaired. As a result, a sound fin material could not be 
manufactured. 

In test material No. 22, the crystal grain diameter of the 
core material was decreased after brazing due to high Fe content 
in the core material. As a result, the molten filler metal 
penetrated into the crystal grain boundaries of the core 
material, whereby buckling occurred in the fin. In test 
material No. 23, coarse compounds were produced during casting 
due to high Zr content in the core material, whereby rolling 
workability was impaired. As a result, a sound fin material 
could not be manufactured. In test material No. 24, since the 
Si content in the core material was high, buckling occurred at 
the braze joint due to local melting. Moreover, since excessive 
molten Si was solidified at the crystal grain boundaries of the 
core material, tensile strength was insufficient after the 
corrosion test. 

In test material No. 25, the core material was eroded since 
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the amount of molten filler metal was increased due to high 
cladding rate of the filler metal. As a result, buckling 
occurred at the joint. Moreover, intergranular corrosion 
easily occurred due to high Cu content in the core material, 
5 whereby tensile strength of the fin was significantly decreased. 
In test material No. 26, since the amount of flowing filler metal 
was insufficient due to low Si content in the core material, 
the joining rate was insufficient. As a result, the corrosion 
test could not be carried out. In test material No. 27, the 

10 material broke during rolling due to high Si content in the 
filler metal. Moreover, the sacrificial anode effect was 
insufficient due to low Zn content in the core material, whereby 
deep pitting corrosion occurred in the tube material. 

In test material No. 28, since the crystal grain diameter 

15 of the core material after brazing was large, a state in which 
a strain during corrugating was recovered continued at a high 
temperature, whereby the amount of deformation of the fin was 
increased. As a result, joinability by brazing was 
insufficient. Moreover, since intergranular corrosion easily 

20 occurred due to high Zn content in the core material, tensile 
strength of the fin was decreased after the corrosion test. In 
test material No. 29, since the structure of the core material 
before brazing was a recrystallization structure, variation of 
the ridge height of the fin was increased during corrugating, 

25 whereby joinability by brazing was insufficient. 

In test materials Nos. 30 and 31, since the Si 
concentration in the Si dissolution area on the surface of the 
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fin material and at the center of the thickness of the fin 
material after brazing was inappropriate, tensile strength of 
the fin was insufficient after the corrosion test. In test 
material No. 32, since the Si concentration in the Si 
5 dissolution area at the center of the thickness of the fin 
material after brazing was high, tensile strength of the fin 
was insufficient after the corrosion test. 

Example 2 

10 Aluminum alloys' having compositions shown in Table 5 

(alloys Nos. 2A to 2Q) were cast by continuous casting and 
homogenized according to a conventional method. The 
homogenized products were subjected to hot rolling, cold 
rolling, process annealing, and final cold rolling to obtain 

15 bare fin materials (temper H14) having a thickness of 0.07 mm. 
The structure of the fin material and the crystal grain diameter 
of the recrystallization structure of the fin material after 
heating for brazing were changed by adjusting the conditions 
for process annealing and final cold rolling. 

20 The resulting fin materials (test materials) were 

corrugated and attached to a tube material (50 stages) obtained 
by roll forming a brazing sheet (thickness: 0.2 mm) including 
a 3003 alloy as a core material, in which an Al-10%Si alloy filler 
metal (outer side) (cladding rate: 10%) and a 7072 alloy (inner 

25 sacrificial anode material) (cladding rate: 20%) were clad on 
each side of the core material, into a tubular shape. The 
resulting products were combined with a header tank and a side 
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plate provided with engaging sections in advance. After 
spraying with a fluoride flux, the products were subjected to 
inert atmosphere brazing at 600°C (maximum temperature) . The 
Si concentration in the Si dissolution area at the center of 
the thickness of the fin material after brazing was changed by 
adjusting the heating cycle during brazing. 

The test materials were evaluated for the structure of the 
core material before brazing, the crystal grain diameter of the 
structure of the core material after brazing, the Si 
concentration in the Si dissolution area at the center of the 
thickness of the fin material after brazing, the joining rate 
by brazing, the presence or absence of buckling due to melting 
at the joint, intergranular corrosion resistance, and 
pitting-corrosion resistance of the tube material joined to the 
fin material according to the same methods as in Example 1. The 
results are shown in Table 6. 



31 



PQ 

< 
Eh 



o\o 



c 
o 

-H 

-P 

-rH 

O 

o 
u 







CO 


LO 


00 




O 




o 


he 


1 1 O 


o 


o 


o 


-p 










o 


M 




M 


[SI 






a 


K] 



>t 
o 



I I I I I i i 



I I 



Ln^)Lr)^rinr-ir)roif)^U3ir)Lnu)oHLn 

CN<NCNlCN<>J0NJCNCsl(N0JCN]CslCgO^tHCN 



OHHrO^CMOCslPOCMCOrOHOOHH 
OOOO^HtHvHrHOOtHOOOOOO 



OOOOOOOOOOOOOOOOO 



LT) LO LO LO LO LO LO 



O^lOlOlOlOlOlOlOlO 



0000000 0 OrHOOOOOOO 



CsJ CM CM CM 



OOr-CMCMCMCMCMCMCMCM CN(\J 



oooo 0 oooooooooooo 



COH^OCsJCNJCMOJCNCNJC^CMOOCMCNirOCM 
OHHCNJHHHHHr- I <-H rH r-* r-H rH rH rH 



CM 

CO 



C^(^NOJ(NJ(\l(NO>JOJOvl(N(NCNO0CNJOslCNJ 







4-1 






O 




G 




tn 


o 


CD 


C 


-H 


O 


-H 


CO 


£ 


4_j 


o 




P 


p 


-P 


-H 


U 


CO 




o 


-H 




u 


CO 






CD 






P 



CD 
X} 

0 
4J 



CD 
O 

a 

to ^ rd 



p 
o 

-H 



P O 
P 



P 
(D 
-P 
C 



CO 

-H 
CO 
CD 
P 



-H 

rH 

O 
PQ 



rd £. 
P 



CO 



4-4 rH 

o rd 

•H 
P P 
CD CD 



-P -H 
CXJ 4-1 



CO 
CO 
CD 

U — 
P 



rd 

*H 
P 
CD 
P 

cd 

e 
c 

•H 



rH 




:er 










rd 


a 


U 








P 


-H 


.amet 


(D 


-h 


o 


o 


CO 


rd 


P 




m 


lO 


>i 


P 


4-1 




rH 


rH 


p 




fti 


p 






u 




-i—i 

73 




JQ 







CD 
P 
3 



C 
-H 



P J§ P 
P ^ X) 

CO 



>1 

O 



rd 

-H 
M 



CD CD 
Eh P 
rd 

e 



ooooocpooooooooooo 



ooooooooooooooooo 



HCNin^H^u)ocoooHCNOcornin 



(DCDO)<DCDCD(D(DCDCDCD<DCDCDCD(DCD 

pppg£Gggcgcccc!ggc 
ooooooooooooooooo 



H(M(TlH^^(MCnVO(NOO^^H^HO 



cr^cTi(Dc^cDcn(T\oDc»cr)(T»cTia^cr>cncTicn 
a^cr>cr>(Ti<T>cr\<T»a^cr»(T»crk<^ 



o o ooooooooooooooo 



o o 



oooooooooooo 
or^mo^^r^DroLOLOOin 
hhhojhhhcnhcmcmh 



M P p P p P 

CD CD CD CD CD CD 

X! XI XI Xi X> XI 

-H -H -H *H -H *H 

U-i fj-t Pn Pm Pm Pm 



XI XI Xi X> XI X) 



H 



H -H 



pui C3q Pr-4 b-t 



PPM 
CD CD CD 
XI XI X! 
*H -H -H 
pu ptj Pn 



OJC\|C>J(N]C\)(NC\l<NCNC\l<NC\]C^ 



ro^invDr-oocTiOHCNiro^invDr-CDC^ 



CO 

co 



As shown in Table 6, test materials Nos . 33 to 49 according 
to the present invention exhibited excellent joinability by 
brazing in which the fin joining rate was 98% or more, and showed 
no buckling at the joint of the fin. Moreover, the average 
5 tensile strength of the fin was 50 MPa or more after the corrosion 
test. Furthermore, the test materials Nos. 33 to 49 showed an 
excellent pitting-corrosion resistance in which the maximum 
depth of pitting corrosion of the tube was less than 0.1 mm. 

10 Comparative Example 2 

Aluminum alloys having compositions shown in Table 7 
(alloys Nos. 2a to 2o) were cast by continuous casting and 
homogenized according to a conventional method. The 
homogenized products were subjected to hot rolling, cold 

15 rolling, process annealing, and final cold rolling to obtain 
bare fin materials (temper H14) having a thickness of 0.07 mm. 
The structure of the fin material and the crystal grain diameter 
of the recrystallization structure of the fin material after 
heating for brazing were changed by adjusting the conditions 

20 for process annealing and final cold rolling. 

The resulting fin materials (test materials) were 
corrugated and attached to a tube material (50 stages) obtained 
by roll forming a brazing sheet (thickness: 0.2 mm) including 
a 3003 alloy as a core material, in which an Al-10%Si alloy filler 

25 metal (outer side) (cladding rate: 10%) and a 7072 alloy (inner 
sacrificial anode material) (cladding rate: 20%) were clad on 
each side of the core material, into a tubular shape. The 



resulting products were combined with a header tank and a side 
plate provided with engaging sections in advance. After 
spraying with a fluoride flux, the products were subjected to 
inert atmosphere brazing at 600°C (maximum temperature) . The 
Si concentration in the Si dissolution area at the center of 
the thickness of the fin material after brazing was changed by 
adjusting the heating cycle during brazing . 

The test materials were evaluated for the structure of the 
core material before brazing, the crystal grain diameter of the 
structure of the core material after brazing, the Si 
concentration in the Si dissolution area at the center of the 
thickness of the fin material after brazing, the joining rate 
by brazing, the presence or absence of buckling due to melting 
at the joint, intergranular corrosion resistance, and 
pitting-corrosion resistance of the tube material joined to the 
fin material according to the same methods as in Example 1. The 
results are shown in Table 8. 
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As shown in Table 8, test material No. 50 showed 
insufficient strength as the fin material due to low Mn content 
in the fin material, thereby resulting in insufficient 
high-temperature buckling resistance. In test materials Nos. 
51 and 52, coarse compounds were produced during casting due 
to high Mn content and high Cr content in the fin material, 
respectively, whereby rolling workability was impaired. As a 
result, a sound fin material could not be manufactured. 

In test material No. 53, the crystal grain diameter of the 
fin material was decreased after brazing due to high Fe content 
in the fin material. As a result, the molten filler metal 
penetrated into the crystal grain boundaries of the fin material, 
whereby buckling occurred in the fin. In test material No. 54, 
coarse compounds were produced during casting due to high Zr 
content in the fin material, whereby rolling workability was 
impaired. As a result, a sound fin material could not be 
manufactured. In test material No. 55, since the Si content 
in the fin material was high, buckling occurred at the braze 
joint due to local melting. Moreover, since excessive molten 
Si was solidified at the crystal grain boundaries of the fin 
material, tensile strength was insufficient after the 
intergranular corrosion test. 

In test material No. 56, intergranular corrosion easily 
occurred due to high Cu content in the fin material, whereby 
tensile strength of the fin was significantly decreased. In 
test material No. 57, the sacrificial anode effect was 
insufficient due to low Zn content in the fin material, whereby 
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deep pitting corrosion occurred in the tube material. In test 
material No. 58, since the crystal grain diameter of the fin 
material after brazing was. large, a state in which a strain 
during corrugating was recovered continued at a high 
temperature, whereby the amount of deformation of the fin was 
increased. As a result, joinability by brazing was 
insufficient. Moreover, intergranular corrosion easily 
occurred due to high Zn content in the fin material, whereby 
tensile strength of the fin was significantly decreased after 
the corrosion test. 

In test material No. 59, since the structure, of the fin 
material before brazing was a recrystallization structure, 
variation of the ridge height of the fin was increased during 
corrugating, thereby resulting in insufficient joinability by 
brazing. In test materials Nos. 60 to 62, since the Si' 
concentration in the Si dissolution area at the center of the 
thickness of the fin material after brazing was high, tensile 
strength of the fin was insufficient after the intergranular 
corrosion test. 

According to the present invention, an aluminum alloy fin 
material for heat exchangers having a thickness of 80 |um (0.08 
mm) and excelling in joinability to a tube material and in 
intergranular corrosion resistance is provided. According to 
this aluminum alloy fin material for heat exchangers, the 
thickness of the fin material can be reduced, whereby reduction 
of the weight and an increase in life expectancy of the heat 
exchangers can be achieved. 
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Obviously, numerous modifications and variations of the 
present invention are possible in light of the above teachings. 
It is therefore to be understood that, within the scope of the 
appended claims, the invention may be practiced otherwise than 
as specifically described herein. 
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